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Effects of carrier gas type (N2, O2, CO2, N2O, and SF6) on changes in the ratio of high- to
low-field ion mobility, Kh/K, of cesium, gramicidin S, tetrahexylammonium, heptadecanoic
acid, and aspartic acid in fields of up to 67 Td are presented. The theory of the mobility of ions
at high E/N in different gases is discussed. Plots of Kh/K as a function of the ionic energy
parameter, E/N, for the five ions in each of the gases were derived from experimental data
collected using a high-field asymmetric waveform ion mobility spectrometer. The change in
the ratio of high- to low-field ion mobility of cesium in carrier gases of O2 and N2 showed
excellent agreement with literature values. The behavior of cesium in O2 and N2 is used to
illustrate that the ratio Kh/K as a function of effective temperature is invariant with gas type
as long as the well depth of the interaction potential significantly exceeds thermal energy.
From these results, it appears that the well depth of the interaction potential of the heavier ions
studied here, including gramicidin S, tetrahexylammonium, and heptadecanoic acid, with bath
gases such as N2 and O2, is shallow relative to thermal energy. (J Am Soc Mass Spectrom
2000, 11, 1125–1133) © 2000 American Society for Mass Spectrometry
High-field asymmetric waveform ion mobilityspectrometry (FAIMS) separates gas-phaseions at atmospheric pressure based on the
dependence of ion mobility on applied electric field, E
[1–4]. The principles of operation of FAIMS have been
described for a parallel plate geometry by Buryakov et
al. [1] and for concentric cylinders by Purves and
Guevremont [2–5]. FAIMS uses high electric fields to
achieve values of E/N (N is the number density of the
gas) where the high-field ion mobility, Kh, deviates
from the low-field value, K, by as much as a few
percent. With FAIMS, the experimental variable that
reflects deviations in ion mobility caused by high
electric fields is called the compensation voltage, CV.
The magnitude of CV generally increases as the high
field mobility deviates from the ion mobility at low
field. Other variables that tend to increase with the
electric field include the measured ion current, peak
widths, and the degree of separation among different
ions.
Recent analytical applications of electrospray ioniza-
tion (ESI), FAIMS, and quadrupole mass spectrometry
(MS) have shown the capability of this system to
separate structural isomers [6, 7], protein conformers [8,
9], peptides [2, 10], elemental isotopes [11], and inor-
ganic isobars [12, 13]. In addition, ESI-FAIMS-MS has
been used to provide trace level analysis of environ-
mental toxins and pollutants [14–16]. The advantages of
FAIMS as a gas-phase, ion-processing and separation
tool include: (1) high sensitivity provided by an ion
focusing mechanism [5]; (2) the ability to separate ions
at atmospheric pressure and room temperature; (3) the
ability to separate ions on a continuous basis rather than
in discrete pulses; and (4) simplicity in interfacing to a
mass spectrometer.
Most of the reported applications of FAIMS have
used either compressed air or nitrogen as the carrier gas
within the analyzer. However, compilations of experi-
mental data [17–20] have shown that, for several small
ions, the degree of dependence of Kh on E/N is a
function of the bath gas. Only two types of ions have
been described in the experimental literature, published
between 1976 and 1995, concerned with mobilities at
high versus low fields: (i) ions whose mobilities de-
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crease with E/N and (ii) ions whose mobilities first
increase and then decrease at higher E/N. Because
these data, generated using drift-tube ion mobility at
reduced pressure, were limited to mono-, di-, and
tri-atomic ions, the objective of this study was twofold.
First, the degree of dependence (if any) of high-field
mobility on carrier gas for complex polyatomic ions,
such as amino acids and peptides, needed to be
established. Second, the possibility that variations of
the carrier gas may offer advantages for FAIMS
analyses also required investigation. Consequently,
measurements were acquired for selected ions that
were chosen to represent ion transmission in the four
distinct modes of FAIMS operation (i.e., P1, P2, N1,
and N2) [4], where P and N indicate ion polarity and
the integers 1 and 2 indicate the polarity of the
asymmetric waveform.
Consider a simple system composed of Cs1 ions
moving through a pure, dilute, monatomic gas. The
two-temperature kinetic theory of gaseous ion transport
[21, 22] shows that the mobility for such a system
depends on Teff, an effective temperature character-
izing the relative kinetic energy in the ion–neutral
center-of-mass frame. When an ion is drifting in a
weak electric field, the average energy of the collision
between the ion and a neutral is a function only of the
temperature of the gas. However, when the ion is
drifting in a higher-strength electric field, the average
energy consists of a thermal component and an
additional kinetic component that depends on the
velocity of the ion through the bath gas (thus, the
field strength). Specifically, this theory indicates that
for ions with molar mass m and neutrals with molar
mass M,
K0 5 S p2mRTeffD
1/2 3Q
8N0
1 1 a˜~Teff!
V# ~1,1!~Teff!
(1)
Teff 5 TH1 1 Mvd23RT @1 1 b˜~Teff!#J (2)
vd 5 N0K0~E/N! 5 KE (3)
Here m 5 mM/(m 1 M) is the ion–neutral reduced
mass, R is the ideal gas constant, Q is the molar charge
of the ions, N0 is the number density of the bath gas at
standard conditions (Loschmidt’s constant, 2.686763 3
1025 m23), a˜ and b˜ are small correction terms that
depend upon Teff, V#
(1,1) is the momentum-transfer
collision integral, K0 is the standard (or reduced) value
of the mobility K, E is the electric field, and N is the
number density of the bath gas at ambient conditions.
At low and intermediate E/N, deviations from the
low-field mobility can be written as a function of the
square of E/N: Truncating after the quadratic term
gives
Kh 5 KS1 1 aF ENG
2
1 bF ENG
4D (4)
The ratio of the mobility at higher field, Kh, to its
low-field limit, K, can be determined experimentally
using data from FAIMS, as is described in the Results
and Discussion. The E/N values available with FAIMS
range from 0 to about 60 Td (1 Td 5 10221 V m2), which
typically corresponds to Teff values between 300 and
1000 K. As preparation to understanding such data,
analysis of theoretical results [23] for the mobilities of
Cs1 ions in each of the rare gases is presented. Al-
though calculated from model potentials, it has been
shown [23] that the theoretical mobilities are in very
good agreement (2% or better) with experiment. The
use of theoretical results will facilitate some of the data
manipulation discussed later in this section.
Figure 1 shows that, for noble gases other than He
and Ne, the ratio of Kh/K is nearly independent of the
identity of the bath gas when plotted as a function of
Teff. The difference between He and Ne and the heavier
rare gases is that thermal energy at 300 K is greater than
(for He) or about the same (for Ne) as the well depth of
the interaction potential. In other words, at 300 K the
ions collide with He and Ne with sufficient energy that
the long-range attractive force is relatively unimportant
and the collisions are dominated by the short-range
repulsive forces. A gas temperature that may be
thought of as the point where the long- and short-range
interactions are comparable will be called the “effective
temperature equivalent to the potential well-depth”
and designated Teff
I .
Appropriate comparison of He and Ne with the
heavier gases must include a normalization factor that
adjusts each gas to a common effective temperature, i.e.,
the effective temperature equivalent to the potential
well-depth. Figure 2 shows that the Kh/K ratios have
the same shape when plotted as a function of the ratio
Figure 1. Theoretical calculation of the mobility ratio Kh/K as a
function of the effective temperature for Cs1 in the noble gases,
each at 300 K.
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Teff/Teff
I . In other words, in Figure 2 an effective tem-
perature axis for each gas has been defined in which the
collision energy between the Cs1 ion and the neutral
gas atom is a fixed magnitude relative to the depth of
the collision potential well.
More conclusively, all five curves shown in Figure 2
become virtually identical when the ratio of K0 to the
polarization mobility (the standard mobility in the
double limit of low E/N and low gas temperature) is
plotted as a function of Teff/Teff
I . Such a graph is
equivalent to graphs that show the validity of the Law of
Corresponding States for gas properties. The curves
would be exactly the same if the model potential had
been based on only two adjustable parameters, but they
are very nearly the same even when there are more than
two parameters (as in this case) or when direct experi-
mental results are used.
Note that the semiclassical [24] and classical [25]
kinetic theories of drift tube experiments involving
molecular ion–neutral systems lead to an equation of
the same form as eq 1. The differences are that V# (1,1) is
replaced by a similar but more complicated collision
integral and the expression for the effective temperature
is changed. The form of the semiclassical expression
[24] for the effective temperature,
Teff 5 TH1 1 Mvd23RT @1 1 b˜~Teff!#JS1 1 Mm zD
21
(5)
has been verified experimentally [26], and the classical
expression has been shown to reduce to this functional
form at low and intermediate E/N. Here z is a dimen-
sionless ratio of collision integrals that characterizes the
fractional energy loss due to inelastic collisions,
whereas the mass ratio in the new term occurs because
the inelastic energy loss is not shared equally by the
ions and neutrals.
The principle of detailed balance has been used [24]
to show that z tends to zero in the limit of low E/N.
This means that eq 5 reduces to eq 2 at low values of
E/N; previous experimental results [26] suggest that
this requires the effective temperature to be below
about 400 K, and hence that E/N must be below 30 Td.
In summary, for a FAIMS experiment probing E/N
values up to 60 Td, we expect to find that:
(1) the ratios of Kh/K as a function of Teff for a series of
bath gases will be approximately the same if the
potential energy well depth of each gas is substan-
tially larger (by about a factor of 3) than the thermal
energy of the experiments.
(2) Exceptions to point 1 may occur above about 30 Td
when the ion–neutral system is such that during
collisions a large fraction of the available energy can
be dissipated into inelastic collisions.
Experimental
A schematic of the ESI-FAIMS-MS instrument is shown
in Figure 3. A detailed description of this apparatus has
been given previously [10]. In brief, the FAIMS ion filter
consisted of two concentric steel cylinders mounted
inside a PEEK housing that was secured to the orifice
plate of a PE-Sciex API 300 mass spectrometer. The end
of the inner cylinder (10 mm o.d.) adjacent to the mass
spectrometer was machined to a spherical surface that
was parallel with the inside of the outer cylinder (14
mm i.d.) such that the space between the cylinders was
approximately constant (2.0 mm). The end of the outer
cylinder facing the mass spectrometer was machined
flat and made electrical contact with the orifice plate. A
small hole (1 mm) in the end of the outer cylinder
permitted transmission of ions from the FAIMS to the
orifice (100 mm) of the mass spectrometer. The asym-
metric waveform (210 kHz) and the dc compensation
voltage (CV) were both applied to the inner cylinder of
the FAIMS. The maximum dispersion voltage (DV)
used for modes P1 and N2 was 3300 V and for modes P2
and N1 was 23300 V. A voltage of 650 V was applied
to the outer cylinder and orifice plate to enhance the
sensitivity of the system.
The electrospray needle and sample delivery system
consisted of a length of fused silica capillary (30 cm 3
50 mm i.d. 3 180 mm o.d.) that protruded about 0.5 mm
through a stainless steel capillary (10 cm 3 200 mm
i.d. 3 430 mm o.d.). The stainless steel capillary, in turn,
protruded about 5 mm beyond the end of a larger
stainless steel capillary (15 cm 3 500 mm i.d. 3 1.6 mm
o.d.) that was used for structural support and applica-
tion of the high voltage required for ESI. Sample
solutions were delivered to the needle by a Harvard
Apparatus Model 22 syringe pump from a 250 mL glass
syringe (Hamilton) at a flow rate of 1 mL/min. The ESI
needle was positioned about 1 cm from the orifice (3
mm diam) in the curtain plate, which was electrically
insulated from the orifice in the outer cylinder of the
FAIMS analyzer. The needle was biased to either 3400
or 22400 V relative to the curtain plate (61000 V) for
Figure 2. Same as Figure 1, except that the effective temperature
is scaled by the depth of the interaction potential.
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positive and negative mode ESI experiments, respec-
tively.
The FAIMS carrier gas was passed through a char-
coal/molecular sieve filter and introduced into the
region between the curtain plate and the opening (1.0
mm diam) into the FAIMS analyzer at a flow rate of 3.0
L/min. The bulk of this gas exited through the curtain
plate to aid in desolvation of ions from the ESI, whereas
the remainder (;0.4 L/min) served as the carrier flow
through the FAIMS analyzer. Under appropriate com-
binations of CV and DV, selected ions were transmitted
through the FAIMS analyzer to a region in front of the
spherical tip of the inner cylinder and sampled by the
mass spectrometer. Under typical gas flow conditions,
the ions required about 200 ms to travel from the
entrance to the FAIMS analyzer to the orifice plate of
the mass spectrometer. The pressure within the FAIMS
analyzer was approximately 1 torr lower than atmo-
spheric pressure, which varied between 755 and 760
torr during the course of this study. A MKS Baratron
model 170M-6B with pressure head type 3TOBJ (MKS
Instruments, Boulder, CO) was used to measure the
pressure within the FAIMS analyzer.
All chemicals were purchased from Sigma Chemical
(Oakville, ON) with the exception of HPLC grade
methanol and ammonium acetate (Anachemia, Mon-
treal, QC). All of the carrier gases were supplied by
Praxair (Ottawa, ON).
Results and Discussion
Cesium
The high-field mobility of cesium, a P1 type ion, in-
creases with increasing E/N (i.e., Kh/K . 1). Thus,
application of a positive polarity asymmetric waveform
was required for transmission of cesium through the
FAIMS device [4]. Ion-selective compensation voltage
(IS-CV) spectra acquired for the cesium cation (23 mM)
in a carrier gas of O2 are shown in Figure 4. Each trace
in Figure 4 was acquired by setting the DV and scan-
ning CV from 12 to 228 V while monitoring the cesium
ion at m/z 133. As observed at DV 5 0 V, the ion
intensity for cesium was very low (;580 cps) due to
high diffusional losses to the cylinder walls [3, 5]. At
DV 5 1900 V, the mobility of cesium deviated signifi-
cantly from its low field value and resulted in a mea-
sured CV of 25.3 V, as shown in Figure 4. The observed
170-fold increase in sensitivity at this DV was the result
of an ion focusing mechanism inherent to a cylindrical
geometry FAIMS device [5, 27, 28]. Further increases in
DV up to 3300 V, with traces acquired in steps of 200 V,
led to increasingly larger CV values required for opti-
mal transmission of cesium, and to further increases in
sensitivity.
Figure 4 also shows that the IS-CV peaks tend to
Figure 3. Schematic of the ESI-FAIMS-MS instrument.
Figure 4. Ion-selective compensation voltage (IS-CV) spectra for
cesium (m/z 133) in an oxygen carrier gas at dispersion voltages of
0 V and from 1900 to 3300 V in 200 V increments. Every second
IS-CV trace (i.e., DV 5 1900, 2300, 2700, and 3100 V) is plotted as
a dashed line for clarity.
1128 BARNETT ET AL. J Am Soc Mass Spectrom 2000, 11, 1125–1133
broaden with increasing magnitude of CV. Factors (e.g.,
gas type) that may lead to reduced peak widths are
important considerations for FAIMS. Normalized IS-CV
plots for cesium acquired at DV 5 3100 V in carrier
gases of N2, O2, and CO2 are shown in Figure 5a. IS-CV
spectra in N2O and SF6 were also acquired but are
omitted from this plot because they have widths iden-
tical to CO2 and N2, respectively. Cesium is transmitted
over a much wider range of CV at a given DV value in
a carrier gas of CO2 than in the other two gases. Figure
5b shows the peak full width at half maximum (FWHM)
in O2, CO2, and N2 over a range of DV from 1900 to 3300
V.
Table 1 summarizes the optimal values of CV for
transmission of cesium at several values of DV in the
five carrier gases. Note that the absolute cesium ion
abundance (measured as the peak heights at DV 5 3100
V) increased in the same order as the CVs, i.e., SF6 ’
N2 , CO2 , N2O , O2. The raw ion abundance
observed in a carrier gas of O2 was roughly 50% greater
than in SF6.
The CV and DV data generated by FAIMS were used
to calculate ratios of Kh/K, using a method outlined
below [29]. The CV and DV values in Table 1 were
substituted into eq 6, which was then analyzed using
multivariable regression:
CV 1 a F ~DV!39d2 1 5~CV)(DV!
2
6d2
1
~CV!3
d2 G
1 b F55~DV!5486d4 G 5 0 (6)
Here, d is the electrode spacing (0.2 cm), and a and b
are high-field mobility parameters. The a and b values
determined from eq 6 were then substituted into eq 4 to
estimate Kh/K. Plots of Kh/K as a function of E/N for
cesium in each of the gases are shown in Figure 6. Note
that these data are not indicative of the actual low- or
high-field mobilities of cesium in these gases, but illus-
trates the relative change in mobility within each gas as
electric field strength increases. The relative changes in
cesium mobility in N2 and SF6 are almost identical, and
the effects of N2O and CO2 on the mobility of cesium
are also strikingly similar.
The Kh/K values obtained using FAIMS were com-
pared with literature values obtained using drift tube
ion mobility spectrometry [18]. The curve for cesium in
O2 showed an increase in ion mobility of approximately
6.0% at an E/N of 60 Td, which is in excellent agree-
ment with the literature value of 6.0% [18]. A 3.3%
increase in cesium mobility in N2 at 60 Td using FAIMS
Figure 5. (a) IS-CV spectra for cesium collected at DV 5 3100 V
in carrier gases of N2, CO2, and O2. (b) Comparison of FAIMS
peak widths for cesium as a function of DV in each of the three
gases. Each point marks the optimal CV of transmission while the
“error bars” indicate the FWHM of the IS-CV peak.
Table 1. Compensation voltage data for transmission of
cesium through FAIMS in a variety of carrier gases
DV (V)
CV (V)
N2 O2 SF6 CO2 N2O
0 20.2 20.2 20.2 20.2 20.2
1300 21.1 21.8 21.2 21.4 21.3
1500 21.7 22.7 21.8 22.0 21.9
1700 22.4 23.9 22.4 22.8 22.8
1900 23.1 25.3 23.3 23.9 23.9
2100 24.2 27.1 24.3 25.1 25.2
2300 25.3 29.2 25.4 26.7 26.8
2500 26.8 211.7 26.8 28.5 28.7
2700 28.3 214.6 28.3 210.5 211.0
2900 210.0 217.9 210.1 212.8 213.4
3100 212.2 221.8 212.2 215.3 216.0
3300 214.2 226.0 214.2 218.1 218.8
Figure 6. Calculated high- to low-field mobility ratios for the
cesium ion in various carrier gases.
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is higher than the literature value of 2.0% [18]. With
FAIMS, the mobility of cesium in CO2 increased by
about 4.2%, whereas literature values acquired at re-
duced pressure [18] suggest that the mobility of cesium
does not deviate from its low-field value in fields as
high as 100 Td. Mobility data for cesium at high E/N in
SF6 or N2O were not available for comparison. A list of
a few of the salient characteristics of each of the carrier
gases used in this work is given in Table 2.
As discussed earlier, theory predicts that a plot of
Kh/K as a function of Teff should be invariant with gas
type as long as the well depth of the interaction poten-
tial exceeds the thermal energy by about a factor of 3 or
more. Deviation from the ideal behavior can be attrib-
uted to the degree of inelasticity of collision between the
ion and neutral. Figure 7 illustrates plots of Kh/K for
Cs1 ion as a function of Teff in N2, O2, and Xe. In this
figure, literature values of Kh/K for Cs
1 in N2, O2, and
Xe from drift-tube measurements are shown with filled
symbols [18], and the solid lines are results obtained
with FAIMS for N2 and O2. Results obtained with
FAIMS are in very good agreement with literature
values for these gases, and also very close to the ideal
values (represented by Xe in Figure 7) expected for a
very heavy gas whose interaction potential with the ion
has a well depth that significantly exceeds thermal
energy.
The discrepancy between literature and Kh/K ratios
determined by FAIMS for CO2 may be the result of the
formation of cesium complexes with carbon dioxide
during transmission through the FAIMS analyzer. The
complexation reactions between Cs1 and CO2 are ex-
pected to systematically alter the experimental values of
CV and DV in the FAIMS experiment. The behavior of
ions in CO2 is a subject of ongoing investigation.
Gramicidin S
Gramicidin S is a P2 type ion whose gas-phase mobility
tends to decrease with increasing electric field (i.e.,
Kh/K , 1). Therefore, an asymmetric waveform of
negative polarity was required for transmission of this
ion through the FAIMS analyzer [4]. The high-field
mobility curves generated for the [M 1 2H]21 ion of
gramicidin S in each of the five carrier gases are shown
in Figure 8. Gramicidin S experiences the greatest
change in mobility in a carrier gas of O2, however,
carrier gases of SF6 and N2 result in Kh/K ratios of very
similar magnitude. The widths of the IS-CV peaks
acquired in O2, SF6, and N2 at DV 5 3100 V all differ by
less than 1%, whereas comparison of the measured ion
currents in these three gases shows that SF6 gives
approximately 30% lower intensity than O2 and N2. The
effect of E/N on the mobility of gramicidin S is very
Table 2. Molecular weight, polarizability, and collision diameters of the carrier gases
Carrier gas
M
(g/mol)
Polarizabilitya
(10224 cm3)
Viscositya
h (mPa s)
Collision
diameterb
d (Å)
Nitrogen 28 1.74 17.9 3.70
Oxygen 32 1.58 20.8 3.55
Carbon dioxide 44 2.91 15.0 4.53
Nitrous oxide 44 3.03 15.0 4.53
Sulfur hexafluoride 146 6.54 15.3 6.04
aFrom CRC Handbook of Chemistry and Physics, 78th ed.; Lide, D. R., Ed.; CRC: Boca Raton, FL, 1998.
bEstimated based on gas viscosity using d2 5 [2.67 3 10220(MT)1/2]/h at T 5 300 K.
Figure 7. Mobility ratio Kh/K as a function of Teff determined
from FAIMS data (solid curves) and from literature values [18]
(filled symbols, dashed lines) for Cs1 in nitrogen, oxygen, and
xenon.
Figure 8. Calculated high- to low-field mobility ratios for the
[M 1 2H]21 ion of gramicidin S in various carrier gases.
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small in carrier gases of CO2 and N2O. Due to the low
CV values for transmission of gramicidin S in CO2 and
N2O, neither of these gases appears to offer any partic-
ular analytical advantage for this ion.
As described earlier, a plot of Kh/K as a function of
Teff should be invariant with gas type as long as the well
depth of the interaction potential significantly exceeds
the thermal energy. As shown in Figure 8, Kh/K for
gramicidin S in N2 and O2 will be less than one, when
plotted against Teff. This behavior is analogous to the
curve for Cs1 in He shown in Figures 1 and 2, suggest-
ing that the depth of the potential well for collision
between this ion and either N2 or O2 is shallow relative
to the thermal energy.
Tetrahexylammonium
The tetrahexylammonium ion, THA, behaves in a man-
ner intermediate to that shown for cesium and grami-
cidin S, as illustrated by the Kh/K curves of Figure 9a.
The mobility of this ion decreased with increasing E/N
in N2, O2, and SF6, but this trend reversed when the
experiment was carried out in carrier gases of CO2 and
N2O. Transmission of THA in the latter two gases could
only be achieved by reversing the polarity of the
waveform, i.e., changing from mode P2 to P1. In com-
parison with cesium and gramicidin S, the changes in
Kh/K for THA are quite small. Peak widths and inten-
sities for THA are given in Figure 9b, which shows
IS-CV plots collected at DV 5 3300 V for CO2 and N2O
and at DV 5 23300 V for N2, O2, and SF6. The relative
intensities of the IS-CV peaks for the THA ion are
greatest in SF6 and N2 and lowest in CO2, following the
trend that intensity increases with CV. Unlike what was
observed for cesium, the peaks acquired in CO2 and
N2O do not appear to be broader than those collected in
the other three gases. Note that the shoulder on the high
CV side of the peaks in the P2 mode IS-CV spectra
result from the transmission of a THA dimer bound to
bromine (from the tetrahexylammonium bromide salt)
that partially dissociates in the mass spectrometry in-
terface to yield a signal for the monomer ion. The
shoulder is not observed in the P1 mode IS-CV spectra
since the dimer ion behaves as a P2 ion in all of the
gases.
From Figure 9a, the ratio Kh/K for tetrahexylammo-
nium ion in N2 and O2 will be less than one, when
plotted against Teff. As was observed for gramicidin S,
the potential well is shallow, compared with thermal
energy, for the interaction of the tetrahexylammonium
ion with N2 and O2. As shown in Figures 1 and 2 for
Cs1 ion in He, the collisions between the tetrahexylam-
monium ion and either N2 or O2 are dominated by short
range, repulsive interactions, and therefore the mobility
decreases with increasing E/N.
Heptadecanoic Acid
High-field mobility curves for an N2 mode ion, the
heptadecanoic acid dimer, HDD [(M2 2 H)
2, m/z
2539.8], are given in Figure 10a. This ion behaves much
the same as gramicidin S, in that the most dramatic
changes in mobility occur in N2, O2, and SF6, whereas
very little change is observed in N2O and CO2. Peak
widths are very similar in N2, O2, and SF6, and the
intensity observed in the carrier gas of SF6 was roughly
20% lower than in O2 and N2.
Plots of Kh/K versus E/N for the heptadecanoic acid
monomer, HDM [(M 2 H)2, m/z 2269.4], are given in
Figure 10b. This ion behaves similarly to THA with
respect to the changes in mobility with increasing E/N
for the five carrier gases. Again, CO2 and N2O induced
increases in the mobility of the ion with increasing
electric field, whereas the other gases caused decreases
in mobility with increasing electric field.
Aspartic Acid
High-field ion mobility data was acquired for the de-
protonated ion of l-aspartic acid [(M 2 H)2, m/z 2132],
and the Kh/K vs. E/N plots are presented in Figure 11.
The greatest change in the mobility of this N1 type ion
was observed in O2. The highest ion abundances, how-
ever, were observed in N2O, SF6, and CO2. At DV 5
Figure 9. (a) Calculated high- to low-field mobility ratios for the
tetrahexylammonium ion in various carrier gases. (b) IS-CV plots
for tetrahexylammonium acquired at DV 5 3300 V in N2O and
CO2 and DV 5 23300 V in N2, O2, and SF6.
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23300 V, the average ion intensities in these three gases
were greater than the average ion intensities in N2 and
O2 by 30% and 50%, respectively. The widths (i.e.,
FWHM) of the IS-CV peaks (DV 5 23300 V) in N2O
and CO2 were identical at 2.0 V, and were 25% greater
than those measured in N2, SF6, and O2. Some roll-off in
the measured intensities of the aspartic acid in N2O and
CO2 at DV values greater than 22900 V were noted.
Conclusions
A limited number of test ions were chosen as indicators
of the influence of carrier gas on observed changes in
ion mobility at intermediate E/N measured using a
FAIMS apparatus operated at atmospheric pressure and
room temperature. Results for cesium showed good
agreement with theory and with literature values in
carrier gases of O2 and N2; however, considerable
discrepancy was observed in CO2. The high-field mo-
bilities of gramicidin S and the dimer ion of heptadec-
anoic acid both decreased with increasing E/N in the
five gases studied, consistent with a shallow potential
well for the collision between these ions and the neutral
gases. The monomers of heptadecanoic acid and THA
have high-field mobilities that decrease in N2, SF6, and
O2, but increase in CO2 and N2O. In general, O2 caused
the largest field-induced deviations in mobility, how-
ever some exceptions, including THA and the monomer
of heptadecanoic acid, were noted. Use of O2 as a carrier
gas may be expected to offer analytical advantages
given the direct correlation between Kh/K and CV, and
that the degree of ion separation and focusing tends to
increase with increasing compensation voltage.
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